Kinetic theory of electromagnetic fluctuations in turbulent plasmas in the external magnetic field has been worked out with regard for the effect of fluid-like random motions on fluctuation dynamics. The dielectric response functions and correlation functions of the Langevin sources for the system under consideration are calculated and general relations for fluctuation spectra are derived. Fluctuations associated with the diffusive particle motion across the external magnetic field are studied in detail.
Introduction
Studies of density fluctuations associated with large-scale diffusive motion of plasma particles across the external magnetic field are of great importance in view of their application to non-contact diagnostics of fusion and geophysical plasmas. In spite of a considerable progress in such studies, many problems of the theory of electromagnetic fluctuations in plasmas still require their solution. First of all, this concerns the description of fluctuations in turbulent plasmas with regard for the effect of fluid-like random perturbations. The problem is that the traditional theory of electromagnetic fluctuations in stable stationary plasmas cannot be applied in this case. Since an appropriate generalization of the consistent theory of fluctuations within the microscopic description has not yet been done, various phenomenological approaches to this problem seem to be rather promising. In particular, one may assume that the statistical dependence of microscopic and large-scale motion is negligible and perform averaging over these motions independently, using appropriate structure factors. So, the next problem herein is to describe (or postulate) the statistical properties of turbulent perturbations. Making some assumptions regarding the physical nature of large-scale correlations (diffusive with a convective charac-ter of perturbations) it is possible to introduce the structure factor for turbulent pulsations. Such an approach was successfully applied to the interpretation of the scattering experiments with both fusion and geophysical plasmas [1, 2] . Recently, a similar approach was used to describe the fluctuations associated with particle diffusion across the external magnetic field [3] . Within such phenomenological approach however, it is impossible to explicitly take into account the effects produced by the diffusion in the velocity space. At the same time these effects could be the primary reason for turbulent diffusion, since just the turbulent fields play the role of random forces producing additional stochastization.
The purpose of our paper is to describe electromagnetic fluctuations in turbulent plasmas in the external magnetic field treating the turbulent fields as a source of fluid-like motions in plasmas.
Basic set of equations
We study a plasma with stationary turbulence assuming that the characteristic time of turbulent field change τ T is much shorter than the correlation time for the fluctuations under consideration. Treating turbulent fields as a source of large scale perturbations it is possible to introduce these fields into the Langevin equations describing random particle (volume element) motion
where β i is the friction coefficient for a particle moving in the i-th direction, F ext and F are the forces associated with external and intrinsic plasma fields (the latter is smoothened over physically infinitesimal interval τ ph ≫ τ T ), δF T is the Langevin force produced by the turbulent field. Statistical properties of the Langevin sources are given by
Here, the angular brackets mean the statistical averaging which is equivalent to the time averaging over the interval τ τ ph ≫ τ T . Introducing equation (4) we assume that the Langevin forces are correlated within τ τ ph only.
As was shown by Chandrasekhar [4] the Langevin equations (1)- (4) generate the generalized Liouville equation. Using this equation it is easy to show that in the case under consideration the equation for the microscopic phase density smoothened over τ ph can be written as
Here, N (X, t) is the smoothened microscopic phase density
is the phase trajectory, the quantity D ij can be treated as a diffusion coefficient in the velocity space. Notice, that equation (5) can be also introduced by averaging of the equation for the microscopic phase density over τ ph ≫ τ T and using the Fokker-Planck representation for the collision term with the kinetic coefficient determined by the turbulent field correlation function [5] . In the general case kinetic coefficient β i and D ij should be determined selfconsistently with regard for their temporary evolution [6] . In what follows the kinetic coefficients are assumed to be known. In the case under consideration we also suggest that the turbulence is isotropic in the directions perpendicular to the external magnetic field and that the velocity dependence of the kinetic coefficients may be neglected. Within such a model, equation (5) has the form
here
β , β ⊥ , D and D ⊥ are the relevant kinetic coefficients. Averaging equation (7) over the Liouville distribution one has
where
Equations (7), (9) generate the following linearized equations
div δ E(r, t) = 4πen dv δ N(X, t).
These equations describe fluctuation dynamics with regard for the influence of turbulent fields producing diffusion in the velocity space.
Transition probability approach to the theory of large-scale fluctuations
The formal solution of equation (10) consists of two parts
is the fluctuation in the relevant system with no selfconsistent interaction (this part is associated with general solution of the homogeneous equation), i.e.
and the second part is the partial solution of the inhomogeneous equation written in terms of particle transition probability satisfying the equation
with the initial condition
Substituting the solution (12) into equation (11) we obtain divδ E(r, t) + 4πe
Thus we see that the quantity δ N (0) (X, t) can be treated as the Langevin sources of fluctuation field δ E(r, t). Correlation function for such sources can be calculated using (13)-(15). In particular, as follows from these equations
that in turn gives
with regard for the fact that
where g(X, X ′ , t) is the static binary correlation function of physically infinitesimal volume element,
If g(X, X ′ , t) could be neglected
In the case of spatially homogeneous stationary turbulence in the k; ω-representation equations (16), (21) have the form
Equations (22)- (24) give the solution of the problem under consideration. Using these equations it is possible to calculate correlation functions of any electromagnetic quantities. For example,
Equation (25) has the same form as that for fluctuation spectra in a stable plasma (see, for example, [7] ), however, the quantities ε(k, ω) and δn
(0)
kω are determined by the renormalized transition probability W (X, X ′ , τ ) calculated based on the equation (7) with regard for the action of turbulent fields on particle dynamics. Thus, the next problem in our calculations is to find this quantity in explicit form.
Renormalized transition probability for a plasma in an external magnetic field
Taking into account the spatial symmetry properties of the operator L 0 (in particular, independency of the motions along and across the external magnetic field) the solution of equation (14) with the initial condition (15) can be represented in the following form
where W ⊥ (X ⊥ , X ′ ⊥ , τ ) and W (X , X , τ ) are the probabilities of particle transition across and along the external magnetic field, respectively, X ⊥ ≡ (r ⊥ , v ⊥ ), X ≡ (z, v ). As it is easy to show, these transition probabilities satisfy the equations
with the initial conditions of the type (15). Solution of equation (28) was done by Chandrasekhar in the well-known paper [4] . This solution is as follows
As regards equation (29), the way of obtaining its solution is given below. Let us start from the integration of the equation of motion for charged particle moving in viscous media across the external magnetic field
These equations can be easily integrated. The integrals of motion of equations (32) are
In terms of the variables ρ ⊥ and P ⊥ the equation for the function
has the form
Now let us recollect the lemma 11 from the Chandrasekhar's paper [4] . According to this lemma the solution of the equation
and arbitrary ϕ(t) and ψ(t) is given by
. (39) As is seen, the power of exponent in equation (38) reproduced the structure of the right-hand part of equation (36). Using the analogy we can write the solution of equation (34) in the form
Thus the solution of equation (29) can be written as
Together with equation (30) this equation gives the generalization of the Chandrasekhar's solution to the case of a charged particle moving in an external magnetic field. Using equation (42) it is possible to calculate a mean and a mean-square particle displacements across the external magnetic field
In the case of the Maxwellian velocity distribution
and equation (43) reduced to the result obtained in [3] △ r
Dielectric response function and correlation functions of the Langevin sources for a plasma in an external magnetic field
Using general relations (24), (26) and an explicit expression for the transition probability (equations (27), (30), (42)) it is possible to calculate the response functions and correlation functions of the Langevin sources for a plasma in an external magnetic field with regard for large-scale diffusive motions.
What is important is that we have no restrictions regarding the values of kinetic coefficients and characteristic fluctuation times. This mean that we can apply the obtained relations for the description of fluctuations and electromagnetic properties of plasmas in various regimes, in particular to study the effects of diffusion in velocity and real spaces.
For example, in the general case
Equations (46) 
In the case β = 0, D = 0 and β ⊥ ≫ ω equations (46), (47) give
In many cases of scattering experiments it is necessary to consider the limit k = 0. Assuming that the velocity distribution is the Maxwellian distribution, it is possible to show that in the above limit
In the diffusive regime (β ⊥ ≫ ω) these equations give
Here,
6. Fluctuations associated with particle diffusion across an external magnetic field in the system of interacting particles
According to equation (14) the transition probability W (X, X ′ , τ ) describes particle motion (in particular, particle diffusion at βτ ≫ 1) disregarding the interaction between charged particles through a selfconsistent electric field. This means that the correlation functions of the type (23), (26) as well as the mean-square particle displacement can be used for describing the fluctuations and wave scattering in the cases of negligible effect of particle interaction only. In order to take into account collective effects it is necessary to use a general relation for the correlation function (25).
Let us consider some consequences of the combined interaction in the diffusion limit. In this case we can use equations (54) that leads to
Here, we introduce the notation
After substitution into (25) one has 
In the equilibrium case (T e = T i ) equation (57) reduces to 
Similarly, it is easy to show that 
Thus, we see that particle interaction leads to renormalization of the diffusion coefficients and to equalizing of the diffusive fluxes for particles of different species.
In the case of a strong magnetic field (Ω α ≫ β ⊥α ) the ionic diffusion coefficient is much larger than the electronic one. It follows from the above relation that
i.e. combined interaction suppresses the ionic diffusion.
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